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Abstract
Measurements of DC magnetization for single crystal specimens of KxFe2−ySe2 both under
hydrostatic and uniaxial pressure have been performed using liquid Ar and NaCl as pressure
transmitting media to generate hydrostatic and nearly uniaxial pressure, respectively. It has
been found that Tc is pressure independent below 2 GPa but decreases rapidly above 3 GPa
under hydrostatic pressure, indicating that the bulk superconductivity disappears above 6 GPa.
We have also observed a very weak diamagnetic response below ∼10 K for P≥6 GPa, suggesting
that non-bulk superconductivity survives even under high pressure. On the other hand, Tc
is found to decrease rapidly above 1.5 GPa by the application of uniaxial pressure along c-
axis, indicating that the lattice compression along c-axis suppresses the superconductivity more
eﬀectively. This suggests that c-axis lattice constant is an important factor to determine Tc in
KxFe2−ySe2.
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1 Introduction
Since superconductivity in LaFeAsO1−xFx has been discovered[1], a great deal of eﬀort has
been devoted to explore related materials, and a huge variety of iron-pnictide superconduc-
tors, where superconductivity is realized in the Fe-Pn layers consisting of edge-sharing FePn4
tetrahedra, has been reported. Among these, FeSe (Tc=8 K) is one of the iron-pnictide su-
perconductors with the simplest crystal structure composed only by Fe-Se layers stacked along
c-axis[2]. Recently, synthesis of new superconductors has been attempted by intercalating
atoms or molecules between FeSe layers, and several superconductors which have higher Tc
than the mother compound, such as KxFe2−ySe2 (Tc∼30 K) [3], (NH3)yAxFe2Se2 (A=alkali
metal) (Tc=30-44 K)[4, 5], and Lix(C2H8N2)yFe2−zSe2 (Tc∼38 K)[6] have been found. In
FeSe based superconductors, there is a general trend toward higher Tc as interlayer distance
or length of c-axis increases, as expected from the fact that Tc of (NH3)yAxFe2Se2 (A=alkali
metal) ranging from 30 K to 44 K, depending on the c-axis lattice parameter, as pointed in
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the literatures[6, 7, 8]. In order to conﬁrm whether or not the general trend is intrinsic, it
is necessary to investigate the variation in Tc induced by the application of external pressure
which shrinks the c-axis. In the FeSe based compounds, Tc is expected to show a more re-
markable decrease under uniaxial pressure along c-axis rather than hydrostatic pressure. In the
present work, we have performed measurements of DC magnetization for KxFe2−ySe2 single
crystal specimens both under hydrostatic and uniaxial pressure. It is also important to test
whether or not superconductivity survives under high pressure, since it has been reported that
superconductivity in KxFe2−ySe2 shows a reentrant behavior, i.e., it vanishes above ∼9 GPa
but appears again above ∼12 GPa[9].
2 Experimental
Single crystal specimens of KxFe2−ySe2 with nominal x of 0.8-0.9 were grown by the self-ﬂux
method, reacting K pieces and pelletized iron-selenide with nominal composition of FeSe0.92 in
a silicatube with carbon coated inside wall in a 0.2 atmosphere of Ar, ﬁring 1030 ◦C 3h and
then slowly cooled to 730 ◦C at a rate of 4 ◦C /h. The pelletized FeSe0.92 was synthesized by
heating the mixtures of Fe and Se powders at 700 ◦C 48 h and 400 ◦C 36 h in an evacuated
silica tube, followed by rapid cooling to room temperature in the furnace. As-grown single
crystals were sealed again in an evacuated silica tube and were post-annealed at 400 ◦C for
1 h, followed by water quenching. Phase purity of the single crystals was checked by powder
x-ray diﬀraction. Figure 1 shows an x-ray diﬀraction pattern of KxFe2−ySe2 single crystals
at room temperature. In the ﬁgure, (00l) peaks are mainly observed, indicating that the
(00l) plane is exposed on the crystal surface. DC magnetization measurements under pressure
were done by using a miniature diamond anvil cell (DAC) combined with a sample rod of a
commercial SQUID magnetometer. Details of the DAC are given in elsewhere[10]. A single
crystal specimen was loaded into the gasket hole together with a small piece of high-purity lead
(Pb) to realize the in situ observation of pressure by determining the pressure from the Tc shift
of Pb. Our DC magnetic measurements under pressure have been successfully applied to other
superconductors[11, 12, 13, 14]. As pressure transmitting media (PTM), we used liquid Ar and
NaCl to generate hydrostatic and nearly uniaxial pressure, respectively. Liquid Ar is known to
generate high pressure with good hydrostaticity up to 10 GPa[15].
3 Results and Discussion
We show the temperature dependence of magnetization under various hydrostatic pressure up to
7.2 GPa using liquid Ar as PTM in Fig. 2(a). We deﬁne the onset of the diamagnetic response,
which is estimated by extrapolating the initial slope of the M−T curve just below the decrease
to the normal state magnetization, as Tc. In Fig. 2(a), the M−T curve at ambient pressure
shows a sudden decrease below ∼28 K, which corresponds to the onset of the diamagnetic
response, indicating Tc∼28 K at P=0 GPa. The M−T curves at P=1.6 GPa and 2.1 GPa also
show a sudden decrease below ∼28 K, indicating that Tc is almost unchanged under hydrostatic
pressure up to 2.1 GPa. At P=2.7 GPa, the M−T curve however exhibits a sudden decrease at
a slightly lower temperature of ∼25 K, indicating that Tc shifts to lower temperatures. Above
P=2.7 GPa, the diamagnetic onset shifts to lower temperatures with increasing pressure and
reaches to ∼12 K at 5.2 GPa. The M−T curves above 6.2 GPa appear to show no diamagnetic
shielding in Fig. 2(a), as if the superconductivity suddenly disappears. Figure 2(b) shows an
enlarged view of the M−T curves at P=6.2−7.2 GPa. As seen in the ﬁgure, the M−T curves
Magnetic Measurements of KxFe2−ySe2 under pressure Miyoshi, Kondo, Morishita, and Takeuchi
273
      


,QW
HQ
VLW
\
FR
XQ
WV
ȟGHJUHH


 



.[)H\6H
VLQJOHFU\VWDO
Figure 1: X-ray diﬀraction pattern of KxFe2−ySe2 single crystals at room temperature. Diﬀrac-
tion peaks from (00l) planes are mainly observed, indicating that the (00l) plane is exposed on
the crystal surface. The inset shows single crystals of KxFe2−ySe2.
exhibit a diamagnetic response below 10-11 K, although the amplitude of magnetization is very
small compared with those observed for P≤5.2 GPa. Thus, superconductivity still survives
but is non-bulk like above 6.2 GPa. Figure 2(c) shows the M−T curves under nearly uniaxial
pressure along the c-axis measured using NaCl as PTM. In the ﬁgure, the diamagnetic onset is
∼28 K at ambient pressure but it shifts to lower temperatures at P=1.7 GPa, indicating that
the uniaxial pressure at which Tc begins to shift is lower than the pressure for the hydrostatic
compression. Furthermore, Tc is found to be lowered below 20 K at P=3.0 GPa. Thus,
the uniaxial compression along c-axis suppresses superconductivity more eﬀectively than the
hydrostatic compression.
Next, we summarize the results of the magnetic measurements under pressure as plots of
Tc versus hydrostatic pressure (closed circles and open squires) and uniaxial pressure along
c-axis (closed diamonds) in Fig. 3. In the ﬁgure, Tc under hydrostatic pressure is pressure
independent for 0≤P≤2 GPa but decreases with increasing pressure above ∼2 GPa, and bulk
superconductivity disapppers at ∼6 GPa. Instead, non-bulk superconductivity with Tc∼10
K appears above 6 GPa. On the other hand, Tc under uniaxial pressure shows a similar
pressure dependence but the decrease in Tc is even faster and the disappearance of the bulk
superconductivity is expected for 3≤P≤4 GPa. These behaviors are consistent with the general
trend mentioned in the introductory part, that Tc is higher as interlayer distance or length of
c-axis increases, since the uniaxial pressure shrinks the length of the c-axis in the crystal more
quickly. Thus, it is suggested that c-axis lattice constant is one of the important parameter to
determine Tc in KxFe2−ySe2.
Here, we compare the Tc−P relation with that obtained in an earlier study by Sun et al[9],
where the pressure dependence of Tc for K0.8Fe1.7Se2 single crystal is investigated by electrical
resistivity measurements using DAC and NaCl as PTM, suggesting that Tc shows a constant
value of ∼30 K for 0≤P≤3 GPa but decreases with increasing pressure above ∼3 GPa, and
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Figure 2: Zero-ﬁeld-cooled DC magnetization (M) versus temperature (T ) data for KxFe2−ySe2
under various pressures using liquid Ar as a pressure transmitting medium (PTM)(a) and an
enlarged view above 6.2 GPa (b). (c) M−T data for KxFe2−ySe2 obtained by using NaCl as
PTM. Single crystal specimens were compressed along c-axis. All data were measured in a
magnetic ﬁeld of 20 Oe.
then is extrapolated to zero at ∼9 GPa, followed by the reemergence of superconductivity above
∼12 GPa with Tc=40−50 K. The overall behavior except for the reentrant superconductivity
is qualitatively similar to the Tc−P relation observed in the present work. The diﬀerence
among the Tc−P relations is the pressure at which the bulk superconductivity disappears. The
hydrostatic (uniaxial) pressure of∼6 GPa (∼4 GPa) is enough to destroy bulk superconductivity
in the present work but the uniaxial pressure of ∼9 GPa is necessary in the earlier work. As
the origins of the diﬀerence, it should be noted that the diamagnetic onset is employed as a
marker of Tc in our experiments, whereas the onset of resistive drop is deﬁned as Tc in the
earlier work[9]. Considering that the transition is second order, the zero resistive temperature
is a better marker of the real thermodynamical critical temperature rather than the onset. If
the zero resistive temperature was deﬁned as Tc, the Tc−P relation would be quantitatively
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Figure 3: Plots of Tc versus pressure for KxFe2−ySe2 using liquid Ar and NaCl as pressure
transmitting media (PTM). It should be noted that the non-bulk superconductivity is realized
above 6 GPa under hydrostatic pressure using liquid Ar as PTM.
more similar to that in the present work. In addition, their observation of zero resistivity
at high pressures could be due to the appearance of the non-bulk superconductivity observed
above 6 GPa in the present work. If the zero resistivity below ∼10 K observed at 6.1 GPa
in their experiments is due to the non-bulk superconductivity, the bulk superconductivity is
supposed to disappear at ∼6 GPa. Even in this case, there is still a clear diﬀerence among
the Tc−P relations, since the bulk superconductivity is expected to disappear at ∼4 GPa when
we use NaCl as PTM. Thus, the origin of the discrepancy in the Tc−P relations cannot be
explained only by the diﬀerence of the method to determine Tc. Finally, we should note that
the non-bulk superconductivity observed above ∼6 GPa may be related to the reemergence of
the superconductivity above 12 GPa[9].
4 Summary
In the present work, we have performed measurements of DC magnetization for single crystal
specimens of KxFe2−ySe2 both under hydrostatic and uniaxial pressure. We have found that
Tc is pressure independent at low pressure but decreases rapidly above 3 GPa under hydro-
static pressure, and the bulk superconductivity disappears above 6 GPa. In addition, a weak
diamagnetic response below ∼10 K is observed for P≥6 GPa, suggesting that non-bulk super-
conductivity survives even under high pressure. On the other hand, Tc is found to decrease
rapidly above 1.5 GPa by the application of uniaxial pressure along c-axis, indicating that
the lattice compression along c-axis suppresses the superconductivity more eﬀectively. This
suggests that lattice constant c is an important parameter to determine Tc in KxFe2−ySe2.
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